Abstract. Historically the double-pionic fusion to 3 He is the reaction, where the ABC effect (low-mass enhancement of the ππ-invariant mass spectrum) was observed for the first time more than 50 years ago. Meanwhile exclusive and kinematically complete highstatistics measurements with WASA at COSY revealed a strict correlation between the ABC effect and a narrow resonance structure with I(J P ) = 0(3 + ) in the total cross section of the most basic double-pionic fusion, the pn → dπ 0 π 0 reaction. In order to investigate the situation in the double-pionic fusion to 3 He the energy dependence of the ABC effect in the fusion to 3 He has been measured by fixed energy measurements of the type pd → 3 Heππ as well as by quasifree and coherent measurements of the type dd → 3 He n ππ.
He is the reaction, where the ABC effect (low-mass enhancement of the ππ-invariant mass spectrum) was observed for the first time more than 50 years ago. Meanwhile exclusive and kinematically complete highstatistics measurements with WASA at COSY revealed a strict correlation between the ABC effect and a narrow resonance structure with I(J P ) = 0(3 + ) in the total cross section of the most basic double-pionic fusion, the pn → dπ 0 π 0 reaction. In order to investigate the situation in the double-pionic fusion to 3 He the energy dependence of the ABC effect in the fusion to 3 He has been measured by fixed energy measurements of the type pd → 3 Heππ as well as by quasifree and coherent measurements of the type dd → 3 He n ππ.
Introduction
The ABC effect -an intriguing low-mass enhancement in the ππ invariant mass spectrum -is known from inclusive measurements of two-pion production in nuclear fusion reactions to the few-body systems d, 3 He and 4 He. It was first observed 1960 by Abashian, Booth and Crowe in the inclusive pd → 3 He X reaction [1] . Its explanation has been a puzzle since then. Therefore it has been named just after the initials of those authors. In subsequent bubble-chamber [2, 3] and single-arm magnetic spectrometer measurements [4] [5] [6] [7] [8] [9] [10] [11] this enhancement showed up in double-pionic fusion reactions leading to d, 3 He and 4 He, if an isoscalar pion pair was produced. However, such an enhancement was not observed in fusion reactions leading to deuteron and triton, if an isovector pion pair was produced. These results led to the conclusion that this effect only appears in reactions, where the participating nucleons fuse to a nuclear bound system in the final state in combination with the production of an isoscalar pion pair.
In recent exclusive and kinematically complete measurement of the pn → dπ 0 π 0 reaction it has been demonstrated [12] [13] [14] [15] that the ABC effect in this basic double-pionic fusion reaction is correlated with a narrow structure in the total cross section with quantum numbers I(J P ) = 0(3 + ), a mass of 2.37 GeV and a width of about 70 MeV. The mass is about 90 MeV below 2 m ∆ , the mass of a ∆∆ system and the width is three times narrower than expected from a conventional t-channel ∆∆ process.
On the contrary the basic isovector fusion process pp → dπ + π 0 exhibits neither an ABC effect nor a narrow resonance structure [14] [15] [16] in agreement with the observations with all other two-pion channels in pp initiated reactions [17] [18] [19] [20] . 
Experiment and Results
In an effort to solve this long-standing puzzle by exclusive and kinematically complete high-statistics experiments, we have measured the fusion reactions to d [12, 14] , 3 He and 4 He [15, 21] with WASA at COSY [22, 23] . Here we report on the measurements of the double-pionic fusion reaction pd → 3 He π 0 π 0 . These measurements have been carried out either by a direct measurement at T p = 1.0 GeV (yellow square symbol in Fig. 1 ) as well as by utilizing quasi-free and coherent modes in dd collisions at T d = 1.4 GeV (black solid dots in Fig. 1 ) and 1.7 GeV. That way these measurements cover the full energy region, where the ABC effect has been observed previously in inclusive reactions [1] [2] [3] .
From a previous exclusive experiment at CELSIUS-WASA at T p = 0.893 GeV (red square symbol in Fig. 1 ) [24] it is known, that also the double-pionic fusion to 3 He exhibits a pronounced ABC effect. From the new data from COSY we see that this energy is just at about the cross section maximum. The data analysis is still in progress. As a preliminary result we show the energy dependence of the total cross section in Fig.1 , where also the results from previous experiments at CELSIUS [13, 25] and COSY [26] are plotted.
